Perception of topic difficulty is a likely predictor of lecture capture video use, as student perception of difficulty has been shown to affect a variety of outcomes in academic settings. This study measured the relationship between perceived difficulty and the use of lecture capture technology in a second year biochemistry course while additionally taking into account student learning approaches, comfort with technology, gender and performance outcomes. In several analyses, it was found that a higher perceived level of difficulty was associated with an increased number of video accessions, although this relationship was not consistent across all topics. As well, it was found that surface learning approach score and gender were significantly associated with the number of accessions of lecture capture videos, while deep approach score, course grade, and level of comfort with technology were not. This study confirms that student use of lecture capture is related to their perception of topic difficulty, and demonstrates that student characteristics also influence lecture capture behaviour. Although the strength of our observed associations were weak, the level of content difficulty may be an important factor to consider when deciding when to use lecture videos as learning resources in higher education.
Introduction
The use of multimedia technology in an educational setting has increased dramatically in recent years as it becomes more accessible and affordable (Copley, 2007; Le, Joordens, Chrysostomou, & Grinnell, 2010; Parson, Reddy, Wood, & Senior, 2009 ). The term lecture capture refers to the multimedia recording of classroom lectures that are subsequently made available digitally for the use of students. While this term may refer to a variety of lecture recording contexts, for the purposes of this article, the term lecture capture will be used to describe recordings that were made from a live lecture delivered to a group of students enrolled in a given course, which were then provided in a digital format to only those students. These recordings may be audio, video, or both, and are often combined with other instructional tools such as lecture slides, in an attempt to enhance educational instruction. Specifically, in undergraduate learning environments, lecture capture has become widely used as a tool to both substitute and supplement face-to-face classroom time (Euzent, Martin, & Moskal, 2011; Newlin & Wang, 2002) . This technology aims to provide students with ondemand access to lecture content which caters to that student's preferences and limitations (Bennett & Glover, 2008; Copley, 2007; Leadbeater, Shuttleworth, Couperthwaite, & Nightingale, 2013) . In the present study, the term lecture capture refers to digital video recordings of live lectures.
The rising popularity of lecture capture is not surprising, given the widespread use of technology by the current generation of students. Youth today spend several hours using digital technology daily (Jenkins et al., 2009) , with incoming university students labeled as "digital natives" who are experienced and comfortable with technology such as computers, cell phones, and other digital tools (Prensky, 2001) . As use of this technology increases, so too does the research into appropriate technological and pedagogical applications for lecture capture. As reviewed in Newton, Tucker, Dawson, & Currie (2014) , numerous benefits have been cited, including increased student performance (Boster et al., 2006; Parson et al., 2009) , increased access to content (Bennett & Glover, 2008; Copley, 2007; Leadbeater et al., 2013) increased student satisfaction (Bennett & Glover, 2008; Bongey, Cizadlo, & Kalnbach, 2006; Euzent et al., 2011; Vajoczki, Watt, Marquis, Liao, & Vine, 2011) , and increased motivation and self-efficacy (Bolliger, Supankorn, & Boggs, 2010; Chester, Buntine, Hammond, & Atkinson, 2011) . On the other hand, in some instances the use of lecture capture has been linked to decreased perception of the importance of attendance (Brotherton & Abowd, 2004; Chester, Buntine et al., 2011; Traphagan, Kuscera, & Kishi, 2010) and encouragement of surface learning approaches (Leadbeater et al., 2013) . Despite the breadth of literature regarding the use of lecture capture in a higher education setting, little research has been done regarding the use of lecture capture as related to a students' perceived level of difficulty of a topic. It has been shown that the way people approach a task is influenced by the perceived level of difficulty of that task (Karabenick & Youssef, 1968) . Indeed, these perceptions extend into the educational forum as perceived course difficulty has been shown to influence behaviours such as performance approach and performance avoidance (Darnon, Butera, Mugny, Quiamzade, & Hulleman, 2009; Heikkilä & Lonka, 2006) . In addition, when a course is considered conceptually difficult, students have shown a preference for traditional instructional methods over supplements such as lecture capture (Bassili, 2008) . Student characteristics such as gender and comfort with technology may further influence the use of this technology (Bolliger et al., 2010; Bassili, 2006; Wiese & Newton, 2014) . Following these findings, it is expected that perception of topic difficulty is a likely predictor of lecture capture use, which may be further influenced by a variety of student characteristics. Therefore, this study sought to determine the relationship between perceived level of difficulty and the use of lecture capture technology in a second year biochemistry course, while additionally taking into account student learning approaches, comfort with technology, gender and course performance.
Background
Considerable research has been conducted on the effect of multiple variables such as attitude, epistemological beliefs and perceived difficulty on student's ability to learn. These variables often interact in a complex way and are highly dependent on the individual. As students enter a higher education setting, the perceived level of difficulty becomes increasingly important, and at times is the most important factor influencing their behaviour (Ting & Lee, 2012) . Some students show an affinity for increased difficulty in their education while others show avoidance (Inoue, 2007; Ting & Lee, 2012) . Furthermore, the way in which a student approaches a difficult task varies greatly, and this approach has been shown to be influenced by gender, motivation, and learning approaches (Bolliger et al., 2010) .
Many psychological studies have attempted to understand the effect of perceived level of difficulty of a task on eventual outcomes. These studies have shown that performance expectancies (Darnon et al., 2009) , perceived importance (Williams & Teasdale, 1982) , and motivation (Karabenick & Youssef, 1968) all change measurably in relation to the perceived difficulty. This weighing of importance extends heavily to education, as students will adopt different learning approaches when faced with content perceived to be highly difficult. Students with high academic competency expectancies tend to adopt performance-approach strategies to learning which have been positively linked with better exam performance, whereas students viewing content as too complex adopt performance-avoidance strategies to learning, leading to poor exam performance (Darnon et al, 2009 ). Furthermore, students who adopt these performance-approach strategies perform better and experience less performance deterioration as task difficulty increases than students who adopt performance-avoidance strategies (Capa, Audiffren, & Ragot, 2008) . These psychological differences lead to differing use of instructional material such as lecture capture, with research suggesting that students who perceive subject matter to be difficult prefer face-to-face instruction rather than online or supplemental instruction (Bassili, 2008) .
The use of lecture capture itself has been shown to be dependent on many student characteristics, with learning approach often being a dominant characteristic. Several studies have shown that students who adopt a deeper learning approach tend to use lecture capture as a tool for review and a way to supplement face-toface learning (Le, Joordens, Chrysostomou, & Grinnell, 2010; Vajoczki et al., 2011; Wiese & Newton, 2013) . These students also have a tendency to access lecture capture throughout the extent of the course. Students who adopt a surface learning approach tend to use lecture capture as a substitute for face-to-face learning and often only access the multimedia directly before quizzes, exams, or assignments (Vajoczki et al., 2011; Wiese & Newton, 2013) . Likewise, a student's comfort with technology has been shown to influence lecture capture accession, as students who experience anxiety over Internet and multimedia technology are less likely to view online lectures (Bassili, 2006; Brotherton & Abowd, 2004) . Gender also has an influence on lecture capture use, with males being more likely to use lecture capture as a means of catching up on missed classes (Brady, Wong, & Newton, 2013) , while females are more likely to access lecture capture content based on relevance (Bolliger et al., 2010) .
Much of the research on lecture capture use in education uses a student's eventual course grade as a measure of success or failure. This data is variable, with studies showing lecture capture use to have a positive correlation (Boster et al., 2006; Boster et al., 2007; Traphagan et al., 2010) , negative correlation (Le et al., 2010) and no correlation (Brotherton & Abowd, 2004; Dupagne, Millette. & Grinfeder, 2009; Euzent et al., 2011; Leadbeater et al., 2013; Ron, Denys, & Wideman, 2011) to higher course grades, emphasising the importance of how lecture capture is used, rather than if it is used. Students who use lecture capture videos as supplemental learning tools tend to have higher grades and better comprehension of material (Le et al., 2010) . In addition, students who use various options, such as pause and seek, when reviewing material show higher surface learning scores, more memorisation and lower overall comprehension whereas students who watch lecture capture continuously tend to correlate positively with deeper learning scores, higher comprehension, and better grades (Le et al., 2010) .
Despite the increase in research on the use of lecture capture in an educational setting, there has been little investigation of the effect of student perception of the level of topic difficulty. This study sought to address this gap by examining the accession of lecture capture videos by students in a second year biochemistry course at the University of Guelph-Humber. Lecture capture accessions were tracked and analysed in an attempt to examine the following research questions:
(1) Are there differences in the frequency with which students access lecture capture videos with different perceived levels of topic difficulty? (2) Is the frequency with which students access lecture capture videos with different perceived levels of topic difficulty associated with student learning approach, level of comfort with technology, gender, or grade?
Research method Subjects
All students attending the Fall 2012 and Winter 2013 sections of KIN 2070 Biochemistry & Metabolism II in the University of Guelph Humber in Canada were invited to participate in the present study. Data was collected from 87 students (38 male and 49 female) with a mean age of 21.49 ± 4.51 yrs.
Lecture capture accession
Lecture capture accession was tracked through the course management software. As it was possible to open a video multiple times simultaneously, accessions were separated based on a minimum of 10 seconds before a subsequent accession.
Revised two factor study process questionnaire
All students who consented to being a part of the study completed the revised two-factor study process questionnaire (R-SPQ-2F) (Biggs, Kember, & Leung, 2001) at the end of the semester (n = 87). The R-SPQ-2F questionnaire is designed to measure whether students take a deep or surface approach to learning. It was initially developed as the study process questionnaire (SPQ) (Biggs, 1987) . The revised version of the questionnaire consists of 20 questions, with 10 items representing each approach, and it has four sub-scales that describe motive and strategy (Biggs et al., 2001) . However, the R-SPQ-2F has recently been shown to best describe the two factors of deep and surface as measured by their 10 corresponding items (Justicia, Pichardo, Cano, Berben, & De la Fuente, 2008) , so these are the only variables that will be considered in this investigation.
Surveys
Demographic data as well as the R-SPQ-2F was collected through FluidSurveys, an online program, at the end of the semester. The course was divided into 10 modules: Glycogenesis, Glycogenolysis, Glycolysis, Citric acid cycle, ETC, Gluconeogenesis, Lipolysis, Lipogenesis, Protein metabolism, and Metabolic integration. Students were asked to rank their perceived level of difficulty for each module on a scale of 10 (with 10 being the maximum difficulty). In addition students were asked to rank their comfort with technology using a slider response on a scale of 100 (with 100 being the maximum comfort).
Statistical analysis
There were two confounding issues that were taken into account when analysing this data. First, among the students who consented to participate in the study (n = 87), analysis of activity in the course management software showed that not all of them accessed the lecture videos (n = 15), so data from participants who did not access any videos throughout the semester was removed from the analysis. Second, the duration of lecture video availability for viewing varied depending on when in the semester the lecture was presented. However, there was an approximate 2-week period between the end of lectures (by which time all lecture videos were available) and the final exam, which provided a reasonable time frame within which to analyse data. It is important to note that the final exam for the course was cumulative, with all captured material being represented by multiple-choice and short-answer questions. So, to eliminate the effect of including non-users in the analysis and to minimise the effect of variation in the length of time for which videos were accessible to students, data was grouped into two separate models: ((i) users only across the entire semester) (n = 72), and (ii) users only, looking at the accession of lecture capture from the time classes ended to the time of the exam, described as the pre-exam period (n = 65). We believe the second model provides the most accurate representation of the relationship between the accession of lecture capture videos and the perceived level of topic difficulty.
Data was analysed using SPSS version 21. Data was analysed in two ways. First, the relationship between perceived difficulty and video accessions for each module (10 in total) as individual units was determined. To do this, simple linear regressions were performed analysing the relationship between perceived difficulty of each module as the independent variable and the number of lecture video accessions for that module as the dependent variable. Second, the overall relationship between perceived difficulty and accessions was determined, with modules combined in the analysis rather than being considered individually. For this analysis, each topic was defined by three numbers: the module number (randomly assigned as 1-10 across the eight modules), the level of difficulty assigned by the student, and the number of views of the video by each student. The dependent variable was the number of views, and the two independent variables were module and level of difficulty. As well, user characteristics were considered as additional independent variables in several secondary analyses. To do these analyses, multiple linear regressions were performed with the following combinations of independent variables: (i) perceived difficulty and module, ii) perceived difficulty, module, and deep approach score, ii) perceived difficulty, module, and surface approach score, iv) perceived difficulty, module, and gender, v) perceived difficulty, module, and course grade, vi) perceived difficulty, module, and comfort with technology. Significance was set at p ≤ 0.05, while a statistical trend was defined as p ≤ 0.10.
Results

Student characteristics
Mean demographic characteristics of the students in this study are summarised in Table 1. Table 2 summarises the mean perceived difficulty for each module, and the mean number of video accessions per student. 
Linear regression
Linear regressions were conducted to investigate the associations between the perceived level of difficulty and the number of lecture capture video accessions for each module (Table 3 ). It was found that within the users only/pre-exam model, the perceived level of difficulty was significantly associated with the number of accessions of lecture capture videos in the metabolic integration module (p = 0.017). Trends towards statistical significance were found for the following modules: protein metabolism module (users only/preexam model [p = 0.062]), and glycogenesis (users only/pre-exam model [p = 0.077]). All analyses showed direct associations.
Multiple linear regressions
In the model of users only across the entire semester, each combination of independent variables (i-vi) significantly predicted the number of accessions of lecture capture (p ≤ 0.001), with direct associations (Table  4 ). The following independent variables showed significance within each combination of independent variables described previously: (i) module, (ii) module, (iii) module, perceived difficulty, and surface approach score, (iv) module, perceived difficulty, and gender, (v) module and perceived difficulty, (vi) module and comfort with technology. The following independent variables indicated trends within each regression: (i) perceived difficulty, (ii) perceived difficulty. Direct associations were found for module, perceived difficulty, grade and comfort with technology. Indirect associations were found for deep approach score, surface approach score, and gender. In the model of users only during the pre-exam period, each combination of independent variables (i-vi) similarly significantly predicted the number of accessions of lecture capture (p ≤ 0.001), with direct associations (Table 5 ). All independent variables within each regression showed significance except the following: (ii) deep approach score, (v) grade, (vi) comfort with technology. Direct associations were found for module, perceived difficulty, and comfort with technology. Indirect associations were found for deep approach score, surface approach score, gender and grade. 
Discussion
This study sought to examine the relationship between perceived topic difficulty and accession of lecture capture videos by students in a second year biochemistry course at the University of Guelph-Humber as a primary objective. Secondarily, additional relationships with variables including student approach to learning, comfort with technology, gender, and course grade were also considered. In several analyses, it was found that a higher perceived level of difficulty was associated with an increased number of video accessions, although this relationship was not consistent across all modules independently. As well, it was found that surface learning approach score and gender were significantly associated with the number of accessions of lecture capture content, while deep approach score, course grade, and level of comfort with technology were not.
Regarding the primary objective of this study, a direct relationship was observed between perceived difficulty and the number of lecture video accessions in the most relevant analyses. Data was first analysed by looking at each module (or topic) independently, and here, there were few cases showing significant associations. This suggests that the perceived level of difficulty is not a strong independent predictor of the number of accessions of lecture capture material, a finding that is not surprising when considering that students with different learning habits are known to approach difficult tasks in different ways (Inoue, 2007; Ting & Lee, 2012) . Thus, it would be expected that the perceived level of difficulty, on its own, would not significantly predict the number of accessions of lecture capture content for all students. However, it is likely more appropriate to consider these relationships across the course as a whole, rather than considering each topic independently. Here, when the combined relationship was determined, it was found that the perceived difficulty was a significant predictor of the number of accessions of lecture capture content in both models with direct associations. Thus, it is concluded that over the entirety of the course, students accessed modules with a higher perceived level of difficulty more often than those deemed less difficult. It should be noted, however, that while a relationship was found, in both models it showed a weak correlation.
A secondary objective of this study was to consider the relationship between perceived topic difficulty and accession of lecture capture videos as related to student learning approach. We found that student surface learning scores were significantly associated with accession of lecture capture content. In both models, this was a negative correlation, with an increased surface approach score predicting a lower mean number of video views. This is consistent with the literature on learning approaches, as surface learners have been shown to be less likely to access multimedia and supplemental instructional sources (Jelfs & Colbourn, 2002; Vajoczki et al., 2011) . Furthermore, surface learners are more likely to adopt performance-avoidance strategies to difficult tasks (Darnon et al., 2009) . These characteristics of surface learners may lead them to be less likely to access lecture capture videos pertaining to modules they perceived to be more difficult.
A further secondary objective of this study was to consider the relationship between perceived topic difficulty and accession of lecture capture videos as related to student gender. In both models, gender was significantly associated with the number of lecture capture accessions. Based on the assignment of gender in our statistical analysis, with males being assigned (1) and females assigned (2), the negative correlation that we observed indicates that males were more likely to access this technology than females. Other studies have also shown differences in lecture capture behaviour between males and females. Males have been shown to be more likely to use lecture capture technology as a means of catching up on missed lectures than females, although with a longer period between the missed class and the lecture capture accession (Brady et al., 2013) . Moreover, females have been shown to access supplemental material such as lecture capture based on perceived relevance (Bolliger et al., 2010) , as well as to use lecture videos differently than males, such as to generate more comprehensive course notes (Wiese & Newton, 2013) . Our observation is therefore consistent with research demonstrating gender differences in the use of lecture capture technology.
There are several limitations to this study. First, no attempt was made to interpret the way in which students were using lecture capture modules to learn, nor to determine if students were using the lecture capture content to supplement face-to-face instruction or as a way to replace it. A student may have missed a class and accessed the lecture capture video as a means of introducing material whereas another student may have attended class and accessed the video as a means of reinforcing material. Both types of accession are counted the same in this study. Thus, while lecture capture accessions were tracked, to draw stronger conclusions it would be beneficial to also investigate the way in which a student used the material. For example, it would be interesting to determine if topics that were perceived as more difficult were also viewed more frequently in their entirety, rather than in selected sections, or if students were viewing videos to supplement what they learnt in class or to catch up on missed material. A second limitation to this investigation was that lecture videos were not all available for the same time period, meaning that the number of accessions would have likely been influenced by time independent of the perceived level of difficulty. To mitigate this issue, lecture capture accessions were tracked over the entire length of the course, as well as from the end of classes to the exam, a period of 2 weeks where all material had been presented. An increase in the R 2 values for all multiple linear regressions was found when considering the pre-exam period only compared to the full course period, although the same associations were observed in both models. As well, it is important to note that there are several factors that influence behaviour associated with lecture capture that were not accounted for in this study. For example, lecture attendance is affected by the perceived educational value of the lecture, convenience and flexibility of the timing of the lecture, and social opportunities to exchange ideas and meet new friends (Gosper et al., 2008) . Attendance is also determined by the qualities of the lecturer, rather than the availability of electronic material (Billings-Gagliardi & Mazor, 2007) . So, attendance in classes for which lecture capture videos are available is subject to influence by several variables, which could subsequently impact a student's use of lecture capture resources. Nonetheless, despite these limitations, the demonstration of a consistent -albeit weak -direct association between perceived difficulty and video accessions suggests that a relationship does exist.
In conclusion, this study fills an important gap in the literature regarding the relationship between a student's perceived level of topic difficulty and their use of lecture videos, although it is important to consider these findings in the context of the aforementioned limitations. We found that the perceived level of difficulty significantly predicted the number of accessions of lecture videos over the course as a whole, and we observed further relationships with student characteristics such as surface learning approach and gender. The findings of the present study are consistent with previous work that describes the effect of perceived level of task difficulty on eventual outcomes in academic settings, as well the breadth of research which demonstrates that multiple variables influence the way that students use lecture videos. These findings suggest that providing lecture capture to students in courses with a higher perception of topic difficulty, or for selected difficult topics within a course, may be an important consideration for teachers designing and teaching lecture based courses. While the strength of our observed associations were weak, the level of content difficulty may be an important factor to consider when to use lecture videos as learning resources in higher education.
